will be more liable to be stretched and damaged from falls on the point of the shoulder, when the arm is not put out to save the blow. The head is then violently wrenched in the opposite direction, thus stretching the nerves to the plexus, and the fifth nerve, being the highest and most liable to suffer, is often ruptured within its sheath at its junction with the sixth. In the high or prefixed type of plexus this may result in total palsy of the deltoid and spinati, all the flexors of the forearm, the radial extensors of the wrist and the pronator radii teres.
In the low or post-fixed type of plexus, only the deltoid and spinati will be completely paralysed, flexion of the forearm being only weakened. No anaesthesia is ever found with Erb's palsy, unless the sixth nerve is also damaged. The serratus magnus, whose main branch to the long thoracic nerve is given off close to the foramen, is never affected.
Stab or gunshot wounds above the clavicle may injure the plexus itself, one or more of the three main cords-inner, outer, or posterior-or branches to them from the primary nerves. Suppurating wounds in this region are followed bv such dense fibrous tissue surrounding the nerve trunks as to make operative assistance quite hopeless.
Careful analysis of the muscular paralysis and of the anvesthesia present, if any, will generally lead to an accurate localization of the injury. For example, in a certain case, slight flexor weakness of the fingers was associated with complete palsy of the flexor carpi radialis, but not of the flexor carpi ulnaris, or of any of the intrinsic muscles of the hand, while well-marked partial median anesthesia of the hand was present. Since the thenar eminence gets its motor supply through the inner cord, the inner head of the median nerve could not have been damaged, but the sensory loss indicated the outer head of the median as being damaged, as we know the sixth and seventh nerves supply sensation to the thumb and outer two fingers, and the flexor carpi radialis has a higher root supply than that of the flexors of the fingers.
Mr. Geoffrey Jefferson: Two points are of the greatest importance in brachial plexus injuries: the site of the lesion and its precise nature. The mechanisms of birth injury and of rupture later in life are the same, the lacerations being caused by forcible separation of the head and shoulder, with depression of the shoulder as the essential factor. I shall confine myself to the injuries of the roots and cords, the so-called supraclavicular type, since these are, in the main, the pure injuries of the plexus uncomplicated by fracture. Duchenne first accurately described the individual muscle palsies of birth injury without hazarding an explanation; Erb suggested that the pressure of the obstetrician's finger on the point of junction of the roots C5 and C6 was the cause of this disablement. Fieux was the first to suggest that traction was the cause of the rupture, and that the roots of the plexus tore from above downwards in such a manner that C6 would not give way till C5 had gone, that C7 would follow 06, and so on from above downward. These ideas have dominated the theory and practice of the surgery of brachial plexus injuries down to this day and it is important that we examine them more closely. Fieux cut the dissected roots of the plexus on the cadaver, and then, after abducting the head and neck as far as possible, measured the distances which separated the cut ends. This was greatest in the case of C5 and C6, and least in Ti, a perfectly accurate observation. But the outstandiDg impression that one draws from his diagrams is that the plexus tears through its roots extra-vertebrally at the same relative place all the way down, leaving in the neck an accessible stump which could be sutured to the distal portion. This conception must be modified, for experience has taught us that there is no absolute uniformity in the site of the lesion or in its minute character, the tear tending to be ragged and " stepped."
It is true that in the common traction injury 05 usually tears first, and that this tear is followed or accompanied by one in C6. C7 often gives way before the injury to C6 is complete, and the injury to C7 may be more severe and more deeply situated than the injury to the upper cords. The same may happen to C6 above, to C8 below, and, rarely, to Ti. Thus the site of rupture is not the same in all the roots of the injured plexus, but may be at different depths; some are torn extra-vertebrally, some intradurally. My amendment can be stated in graphic (fig. 2 ). It is based on the work of Adson and of Pope and on anatomical and clinical investigations. The curve of the site of rupture goes deeper as we descend to C7, and then again becomes more superficial. The reason for the severity of the injury to 07 is that it is the shortest branch of the plexus and begins. to feel the strain before the rupture of C5 and C6 is complete, whilst the reason for the complete withdrawal of this root is probably to be found in its more horizontal direction. This allows of its being pulled more directly out of its inter-vertebral foramen. Injury to C5 and C6 may also be intradural, but not so often as in the case of C7. The great length of Ti saves it often from withdrawal, whilst C8 occupies an intermediate position. Intradural rupture of C7 is not constant, for any of the upper roots may be ruptured deeply, but the diagram illustrates a distinct tendency in plexus injuries. As to intradural rupture, it is likely that the site of rupture is at some small distance from the cord, probably just proximal to the fused anterior and posterior roots and ganglion. It is uncommon to find signs of cord damage; it has not been present in any of my own cases. The presence of blood in the cerebrospinal fluid, to which Sharpe drew attention, is of no significance on this point. One may compare this tearing of roots with avulsion of the sensory root of the trigeminal nerve for neuralgia, a procedure theoretically dangerous, but practically benign; the cord is so well supported by tough pia that the more friable nerve fibrils would give first. One further point arises out of these considerations, and that is the severity of pain after brachial plexus injuries. In some, pain is early and distressing; when severe it denotes a root lesion. Its distribution may also help us to gauge which roots have been injured, and it is, in general, of great prognostic value, for these cases with very severe root pains do not recover function. In one case seen recently pain has been present for over twenty years, and the root-tearing was confirmed at operation on the cord.
Case L-J. B., male, aged 46. In 1908 his right arm was caught in machinery and violently pulled. Complete paralysis and an.esthesia followed. Horner's syndrome present. Arm amputated eighteen months later by Dr. Harris at Rocbdale. Good stump. Considerable pain, especially on the back of the phantom wrist and hand. In 1911 the late Sir WVilliam Thorburn divided the brachial plexus close to the intervertebral foramina. No relief. Six months later he performed a laminectomy, but found the dura adherent to the right side of the spinal cord. It was impossible to make*a clean posterior root division, owing to the obliteration of normal anatomical structure. Seen by the writer in 1930:
pain is still troublesome.
Clinically, there are otber points which are helpful in allowing us to define the exact, point of section of the nerve trunks. In general, the more roots involved, the deeper will be the level of some of these lacerations. Very great violence is needed to rupture the plexus-as everyone who has attempted to produce plexus lesions on the cadaver will admit-and has undoubtedly been applied in many of the cases which we see clinically. The injuries which follow the modern motor accidents tend to be of very severe type. There are three branches of the plexus which help us to diagnose the level of the injury; those which come off very early from the roots-the nerve to the rhomboids, the nerve of Bell (posterior thoracic nerve) and the sympathetic. The presence or absence of paralysis in the rhomboids and serratus magnus gives us valuable information as to the point of damage to C5 and 06, whilst the presence or absence of Horner's syndrome instructs us concerning Ti. Signs of injury to the cervical sympathetic occurred in only one of my own cases, and I think it is uncommon.
We are left with nothing to guide us as to the site of rupture in C7 and C8, except pain in their root areas and the probabilities of the case, as assessed on the extent of the damage to the whole plexus. This statement alludes to the roots of the plexus themselves. If the injury is in the cords or trunks, then the points to which Dr. Wilfred Harris has referred (dissociation of motor and sensory paralysis in the hand distribution of the median nerve) will be of great service.
Another point which may be useful is the presence of a small patch of ansesthesia on the back of the shoulder, high up. This occurs in ruptures when the injury is at the level of the intervertebral notch, or deeper, that is, before the posterior primary division has come off. But, if limited to a single trunk, such as C7 or C6, overlap will probably make the loss difficult to distinguish.
In other instances the classical mechanism results in an injury further away from the cord. Variations in muscular development, in the direction of the force, and in the posture of the patient, probably account for these divergences. Sometimes the great vessels may also be coincidently injured.
Ca8e II.-J. S., aged 24. In October, 1925, a steel plate slipped from an overhead crane and fell on to his left shoulder. He was unconscious for a short time. On recovering he found his left arm paralysed and numb. A largehematoma formed over the root and side of the neck, and upper part of chest and shoulder. Dr. Mandall Coates, of Horwich, could find no radial or brachial pulse. Palsy of muscles of shoulder-girdle and upper arm. Gradual recovery. For six weeks the hand was very cold. Seen by the speaker seven weeks after the accident, intervention not advised. Now (in 1930) patient is employed in railway works and has excellent function in the arm in spite of complete wasting of the deltoid, biceps, brachialis anticus, and clavicular head of pectoralis major, and weakness in triceps. The brachio-radialis is acting strongly, giving powerfulflexion of forearm; the spinati act well and abduct the shoulder. A severe muscle palsy of limited distribution with excellent functional result,hand and forearm normal save for the thready pulse. Apparently an injury to the third part of the subelavian or origin of axillary artery, as well as a tear of the outer cord of the plexus below the supra-scapular nerve.
The Nature of the Injqury.-The injury to the nerves is very rarely a direct clean snapping across of the roots or trunks of the plexus. It is quite clear that in a, structure of such unequal tensile strength as a large plexus, the points of rupture of the constituent parts will vary and the damage will be spread over a wide area. This is a commonplace of observation at operation when nerve callus, as Cone so aptly termed it, is so dense as to convert the plexus into a bewildering mass, incapable of resolution by dissection into its normal parts. It is not uncommon to find the scar spread over a length of several centimetres. This brings us to the treatment, which must be based on the pathological anatomy of the lesion. It is more or less tacitly accepted that the results of suture of injuries of the peripheral nerves are very good, and one might infer that the results of operation on the injured plexus might well be equally satisfactory. It is worth saying that the results of peripheral nerve suture are not nearly so good, judged neurologicaily, as is generally believed, though a fairly useful limb generally results. The reasons for such disability as follows are two-first, the interference of scar tissue, and secondly, " vicious " axonal permeation In the brachial plexus the second factor only too rarely has a chance to come into play, fibrosis effecting a barrier to regeneration. If the views which I have put forward as to the nature and site of theinjury in plexus injury are accepted, it follows that many injuries, especially the severe ones, in which one most wishes to give some help, are not now, and never will be, amenable to surgery, some because of the depth of the rupture, others because they are not clean ruptures, but endoneural dissolutions. The latter type is most often encountered in the more peripheral injuries, those of the trunks and cords, where the fraying out of the nerve fascicles within their sheaths presents the surgeon with an insoluble problem. I do not believe, in spite of the occasional good result which appears in the literature, that secondary suture of the brachial plexus is a possible operation, except on rare occasions. An important principle in the secondary suture of peripheral nerves is the mobilization of the trunk, and this is impossible in the case of the brachial plexus. I should like to lay it down for purposes of discussion that, whilst immediate primary suture may sometimes be feasible in those uncommon cases where two clean nerve-endsare discoverable ih an accessible position, seCOndary suture should never be undertaken. One should operate for plexus injury within a week or ten days or not at all. The exact nature of the lesions can then be discovered once and for all, and the future of the patient assessed with greater clarity. No doubt, even then, disappointment will be the general rule, but the surgeon will at this stage be spared the temptation of interfering with fibres which may be regenerating, always a danger at a later date.
Mr. Blundell Bankart said that be had never seen useful recovery follow resection and suture of any considerable part of the brachial plexus after a traction injury; whether the plexus was operated upon or not, the treatment of these cases was essentially orthoptndic. From an orthopaedic point of view, a nerve injury was considered to be recoverable until the contrary was proved by time, and time was the only thing which would settle this point, although in a particular case one might judge from the severity of the injury that ultimate recovery was extremely improbable.
Treatment did not influence the recovery of a nerve, which either recovered or not according to the amount of damage done to it. Orthopedic treatment was concerned almost entirely with the care of the paralysed muscles during the period during which recovery might be expected. It was proved beyond doubt that passive stretching of paralysed muscles prevented or delayed their recovery, and the first principle in treatment was to secure continuous relaxation of the paralysed muscles during this period. In the case of a plexus injury, an abduction splint or plaster to keep the arm abducted to a right angle, the elbow also at a right angle, and the wrist (if affected) dorsiflexed, was now standardized orthopeedic treatment. The disadvantage of plaster was its weight ; its advantage was that it prevented unnecessary and harmful interference with the paralysed muscles. He was convinced that such harm was done by indiscriminate massage and movements in these cases. When a muscle had recovered its innervation and was able to contract, however feebly, it should then be encouraged to contract and develop its strength, and the best substitute for natural contraction was electrical stimulation. Neither this nor anv other treatment should be prolonged indefinitely, certainly not for more than two years, and only for that time if definite recovery continued to be observed. In some cases of total plexus paralysis the lower roots recovered rapidly, leaving a residual upper arm paralysis. He believed that lower root paralysis recovered very rapidly or not at all, so that it was useless to spend months of treatment on a residual paralysis of the hand. When the hand was spared or had recovered, something might be done to improve the movements of the arm. Transplantation of muscles, e.g. trapezius into deltoid, was useless. On the other hand, arthrodesis of the shoulder-joint was a very useful operation when the scapular muscles were active, and by this means the usefulness of the whole limb could be very much improved.
Dr. Henry Cohen: Cases of so-called upper cord lesions (05 especially) may occur when the arms are bent upwards and backwards at the shoulder and the fingers of both hands locked behind the neck during anesthesia. It has been suggested that in this way the fifth and sixth cervical nerves are compressed between the clavicle and the transverse processes of the spinal column, or alternatively that the compression takes place between the clavicle and the first rib. If, however, it is remembered that there is an anterior convexity in the cervical spine, the traction hypothesis which Fieux applied to the usual type of Erb-Duchenne paralysis is the most satisfactory explanation of this increased type. He (the speaker) would emphasize the necessity for radiological examination in all cases of injury to the brachial plexus. Subluxations and fracture-dislocations of the cervical spine not infrequently accompanied the nerve injuries; he had known a case in which injury to the lower cord of the plexus had resulted from ligature of the subelavian artery.
Dr. Russell Brain described a patient who was found to have a lesion of the brachial plexus on awakening one morning; he was in the habit of sleeping with the affected arm abducted and externally rotated. He (the speaker) suggested that in that case pressure or traction on the plexus had been responsible for the injury. He also suggested that a similar cause might operate in the production of some cases of so-called " radiculitis," which so frequently involved the fifth cervical root. He emphasized the importance of examining the arteries of the upper limb in suspected cases of brachial plexus injury, and he described a case sent to him with a diagnosis of crutch palsy, but in which the symptoms were due to obstruction of both axillary arteries. Tourniquet palsy was a condition which, in the absence of a good history, might be confused with a lesion of the brachial plexus. Geoffrey M., now aged 12, knocked down by a motor-car August, 1927: left clavicle broken. Fracture was reduced and left arm fixed with strapping in usual position across chest. When strapping was removed three weeks later, arm was found to be severely paralysed. Skiagram showed clavicle in excellent position and did not indicate any excess of callus, so that paralysis was probably due to injuries sustained at time of accident and not to involvement of nerve trunks in callus. Condition was as follows : Deltoid acted very feebly; triceps had good power but was not normal ; paralysis was all but complete in biceps; below elbow all muscles were completely paralysed. Sensation completely lost on radial side of forearm and over whole hand; on rest of forearm loss not complete, pressure and strong painful stimuli being appreciated; on median half, loss less severe near elbow than towards the wrist.
From the presence of some voluntary contraction in the triceps and biceps, and of sensory appreciation in the area stipplied by the median cutaneous nerve of forearm, it was evident that none of the cords of the plexus was divided, and it seemed more likely that the lesion affected their terminal branches. There was evidence also that the circumflex, mnusculo-spiral, musculo-cutaneous and internal cutaneous nerves were not completely interrupted, and soon there was similar evidence in regard to the ulnar, for the patient began to appreciate pressure on the ulnar side of the hand; in the median nerve, paralysis was complete. The arm was put up in the abducted position and daily massage and electrical treatment were given.
Six months afterwards considerable recovery had occurred in the deltoid and biceps, though in the biceps there was not yet sufficient power to raise the forearm against gravity; there was feeble voluntary contraction in the extensor carpi ulnaris and in the small muscles of the ulnar half of the hand; no voluntary contraction could be made out in any other muscles of forearm or hand, and considerable wasting had taken place. Sensation was returning on the radial side of the forearm; on the rest of the forearm it had become approximately normal; on the ulnar half of the hand painful stimuli and light touch were appreciated, and there was some hyperalgesia; the rest of the hand was anaesthetic and there was a trophic sore on the thumb.
After another six months, considerable recovery had taken place in the extensors and flexors of the wrist and fingers, and in most of the small muscles of the hand; the patient could lift light objects with the left hand and could hold a fork and make some use of it. Pinprick was appreciated down to the middle of the fingers in the median distribution, light touch was felt down to the wrist and all over the ulnar area. There were trophic sores on the index and middle fingers.
Two years after the accident, motor recovery was good except that there was no power of flexion of the index finger. Sensory recovery was approximately complete except over the last two phalanges of the index finger and the last phalanx of the middle finger; over these not even pressure was appreciated.
During the last six months some return of sensation has occurred in the terminal phalanx of the middle finger.
Old Injury of the Brachial Plexus.-ANTHONY FEILING, M.D. V. B., male, aged 60, involved in motor accident on September 19, 1928; was thrown off his bicycle but does not know exactly how he was injured. Neck of left humerus was fractured, and arm was placed in plaster for ten weeks. There was also extensive bruising of neck and shoulders after the accident. When plaster was removed left arm was found to be quite powerless.
